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RESULTS OF AEROTHERMODYNBMIC MATIffi TESTS 
01Q A 0.013 SCALE MODEL SOLID ROCKET BOOSTER I N  
THE NASA/LaRC UNITARY PLAN W I N D  TIMUEL 
(SHlPF) 
bY 
Edwin B. Brewer, NASA/RSFC 
ABSTRACT 
A 0.013 scale model of the So l id  Rocket Booster (SRB) used t o  launch 
the Space Shutt le has been tested i n  the #ASA/LaRC Unitary Plan Wind Tun- 
nel a t  a Kachnumbet- of 3.7 and Reynolds numbers of 1.5 and 3.5 x 106 per 
foot .  The object ive of the t e s t  was t o  obta in  aerodynamic heat t rans fer  
data on the surface of scaled models of the SRB a t  simulated f u l l  scale 
reentry f l i g h t  conditions. Three separate models were u t i l i z e d  to mea- 
sure f i l m  coe f f i c ien ts  over an angle of at tack range from 0" t o  180" a t  
0" sidesl ip.  A l l  three models were representations of the MCRO200 base- 
l i n e  conf igurat ion and varied only by the way they were mounted i n  tbe 
tunnel. Model A (denoted 1.0 on the p lo ts ) ,  s t ing  mounted th ru  the model 
base, was u t i l i z e d  for tes t ing  Between 0" and 40" angle o f  attack. Model 
B (2.0) was blade mounted from the top o f  the model and was tested be- 
tween 60" and 120" angle of attack. Model C ( 3 . 0 )  was s t ing  mounted th ru  
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NS t o  
P t  ,1 
P t  ,2 
PLOT 










angle o f  attack, degrees 
angle of s idesl ip,  degrees 
skin thickness, ft. 
speci f ic  heat o f  skin material,  BTU/LB "R 
spec i f ic  heat o f  a i r  a t  constant pressure 
heat t ransfer coef f ic ient ,  BTU/FT2 
heat t ransfer coe f f i c i en t  based on free-stream 
conditians 
stagnation point  heat t ransfer c o e f f i c i e n t  f o r  
reference sphere 
r a t i o  o f  model heat t ransfer  coe f f i c i en t  t o  heat 
t ransfer  c o e f f i c i e n t  o f  reference sphere 
free- stream tunnel stagnation pressure, ps f  
heat conduct iv i ty o f  skin, BTU/FT-SEC-"R 
free-stream Mach number 
model number as fol lows 
1 - Model A, a f t  s t i n g  mount 
2 - Model B y  center s t i n g  mount 
3 - Model C y  forward s t i ng  mount 
Stanton number based on free-stream condl t lons 
free-stream stagnation pressure, psf 
stagnation pressure behind normal shock 
il heaL t ransfer  ra te  
R gas constant 
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O t  ,2 
P t  ,2 
PLOT 
SYMBOL DEFI N I  T I  ON 




stagnation temperature, OR 
equi l ibr ium temperature, OR 
equi 1 i brium temperature measured p r i o r  t o  
heat bump, O R  
model wal l  temperature, O R  
i n i t i a l  wal l  temperature, OR 
w a l l  temperature a t  time t, OR 
rad ia l  pos i t ion  measured counterclockwise looking 
forward, 0 degrees a t  top center l ine 
free-stream veloc i ty ,  f t / sec  
W x b, l b / f t 2  
sk in  weight, l b / f t 3  
longi tud ina l  locat ion,  f rac t ion  of body length 
free-stream density 
: t y  along model ..0:1 
stagnation density behind normal shock 
v! scos i '  
v iscos i ty  along model wal l  
based on stagnation temperatwe 
stagnaL ,VI v i scos i ty  behind normal shock 
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CONFIGURATIONS I N VES T I GAT ED 
These tes ts  u t i l i z e d  three separate 0.013 scale model representation 
o f  the MCR0200 baseline configuration t o  cover the t e s t  angle of attack 
range of 0" t o  180". 
por t  modi f i ca ti on. 
The three models d i f f e red  only i n  t h e i r  tunnel sup- 
Model A, s t i ng  mounted thru the model base, was designed t o  be tested 
from a = 0" t o  40". 
locations. 
a t ive:  1, 2, 17, 47, and 79. These have been c i r c l e d  i n  the Figure and 
i n  Table I, which supplements Figure 2(a) concerning thermocouple locations. 
Figure 2(a) shows the mcidel and the thermocouple 
During the test ,  f i v e  thermocouples on t h i s  model were inoper- 
.4 b d e l  A i n s t a l l a t i o n  photograph appears i n  Figure 3(a). Model A 
was tested w i th  and without the a f t  a t tach r i ng .  The r i n g  may be seen 
i n  the f igure.  
t r i p  o f  number 35 g r i t  located on the nose of t he  SRB. 
Model A was also tested w i th  and without a boun 
Testing the angle-of-attack range o f  0" t o  40" f o r  Model A 




t i n g  down the tunnel, changing the s t ing  adapter to  set  a 30" bias on the 
s t i ng  posit ion, and then tes t i ng  from a = 30" t o  40". 
was used on Models B and C. 
A s i i i i i l a r  procedure 
Model B, blade mounted from the model top center, was designed t o  be 
tested f r o m  a = 60" t o  120". 
Figure 2(b) and i n  Table I 1  (4, 52, 59, and 79). 
though wired i n  reverse, were operative. Model B i n s t a l  l a t i o n  photographs 
appear i n  Figures 3(b) and 3(c). 
Inoperative thermocouples are c i r c l e d  on 
Numbers 71 and 72, a l -  
Figure 3(c) shows Model B w i t h  three 
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CONFIGURATIONS INVESTIGATED (Concluded) 
protuberances ins ta l led .  During the f i r s t  tunnel warmup run, the two f o r -  
ward protuberances blew o f f  the model due t o  adhesive fa i l u re .  
The a f t  protuberance simulates the stage separation motors. This 
protuberance was on Model 8 f o r  runs 34 through 41. 
Model C, s t i ng  mounted th ru  the model nose, was designed t o  be tested 
from a = 140" t o  i80". 
covered; 17 w i t h  18 and 109 w i th  98. These are marked on Figure 2(c)  and 
i n  Table 111. Model C i s  shown i n s t a l l e d  i n  tke  t e s t  section i n  Figure 
Two pa i rs  o f  reversed thermocouples were d is -  
3 ( 4 .  
Table I V  iummarizes the tes ts  by co 
wi th the spec i f i c  tunnel run number. It 
t e s t  parameters. 
The models are o f  t h i n  sk in  design. 
l a t i n g  the conf igurat ion tested 
also gives the other sa l i en t  
Taole V l i s t s  the physical con- 
stants f o r  the model mater ia l  which was 17-4 PH H900 sta in less steel .  
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TEST fACILITY DESCRIPTION 
lk Langley Recesrch Center- Unitary Plan Wind Tunnel i s  an air-medium 
continuous-flow f a c t l l t y  consist ing o f  two t e s t  sections. Asymmetrical 
s l id ing-block type throats control  Mach number, and models c-n be supported 
from st ings mounted to the s i d e w a l l  strut-systems. 
4 fee t  by 4 fee t .  Section Humber 1 operates a t  M = 1.47 t o  M = 2.86 and 
Section Number 2 operates a t  M = 2.29 t o  M = 4.63. 
Each t e s t  section i s  
Reynolds numbers and tunnel pressures are variable, w i t h  l i m i t a t i o n s  
prescribed by tunnel capabi 1 i t i e s  and model load designs. Normal opera- 
t i n g  t o t a l  temperdture i s  1 5 O O F .  
a 
DATA REDUCTION 
The basic heat balance equation i s  
- 
qaero - qstored + qlocses 
when neglecting losses, the equation can be wr i t t en  
and b,v rearranging 
To d t  - 1: Tw d t = K / T w 9 t  d TW 
To 0 TW,0 
where Te/To i s  experimentally determined. Thus 
.. 
Te t 
E To A t  - C Tw 
0 0  G 
o r  when considering the losses 
wr w , t  - Tw,o) - 
' 0  0 0 
where 
ar.d 
A t  
due t o  conductiorl 
kb c V2Tw t 
0 -- 
-Iw A t  
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DATA REDUCTION (Continued) 
Symbols 
bJ = skin weight ( l b / f t 3 )  
w = W x b ( l b / f t 2 )  




q = aerodynamic heat input 
= spec i f ic  heat o f  skin material,  BTU/lboR 
= heat conductivi ty of skin  BTU/ft-sec-"R 
= heat t ransfer coe f f i c i en t  BTU/f t2  
&e,l = equi l ibr ium temperature measured p r i o r  t o  
To = stagnation temperature, O R  
heat bump, O R  
T, = model wall  temperature, OR 
X,Y = thermocouple coordinates 
Subscripts 
0 = t ime zero unless defined otherwise 
t 
n 
= t i m e  greater than zero 
= pertaining t o  thermocouple locat ion,  
10 
DATA REDUCTION (Continued) 
EQUATION FOR COMPUTING REFERENCE STAGNATION POINT HEATING RATE 
The stagnation point  heating r a t e  on a sphere can be determined from 
the fo l lowing equation from Reference 1. 
For the range o f  stagnation temperature and wal l  temperature o f  the pres- 
ent tests 
Ho - H, = Cp (To - Tw) (2-2) 
and by def i ni  ti on 
Subst i tut ing Eqs. 2-2 and 2-3 i n t o  Eq.  2-1 and rearranging resu l t s  i n  
Aiso by d e f i n i t i o n  
there fore 
ho = 1.118 Cp Pt,l I O o 5  
11 
DATA REDUCTION (Concluded) 
= spec i f i c  heat of a i r  e t  constant pressure cP 
ho = heat t rans fer  coe f f i c i en t  based on free-stream condit ions 
NSto = Stanton number based on free-stream condit ions 
Pa = free-stream density 
v, = free-stream ve loc i t y  
po = v iscos i ty  based on stagnation temperature 
To = stagnation temperature 
R = gas constant 
r = nose radius = 0.130 feet 
Pt,2 = stagnation pressure behind normal shock 
Pt , l  = f m - s t r e a m  stagnation pressure 
The data presented herein are i n  r a t i o  form HiHREF where HREF i s  the 
calculated stagnation heat t ransfer  coe f f i c i en t  on a 0.013 ft. sphere 
(1 ft. sphere a t  -013 model scale). 
12 
DATA PRESENTATION 
Schlieren photographs of a l l  three models along with an i den t i f i ca -  
t i o n  o f  t e s t  condit ions are contained i n  Appendix A. 
graphs were taken a f t e r  the heat transfer tests  were completed. Many o f  
the photographs are of repeated t e s t  condit ions a t  two model t ranslated 
locations. 
on the wind-tunnel window. 
68 t o  photograph f o r  po int  69. 
nolds number, angle o f  attack, and stagnation pressure; only the s t i n g  has 
been translated upstream f o r  po int  69. 
The Schlieren photo- 
This was done t o  view the f low obscured by the v e r t i c a l  bars 
For example, compare the photograph f o r  po int  
Both are o f  the same configuration, Rey- 
Tabulated data from the tests  a re  presented i n  Appendix B. 
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Table I .  THERMOCOUPLE LOCATION FOR MODEL A 































































































































































































































Note: Model Drawing No. 8OM51354 
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Table I .  THERPIOCOUPLE LOCATION FOR MODEL A (Contlnued) 
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Note: Model Drawing No. 80M51355 
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Therplocoup le X 
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Note: Hodel Drawing No. 8OM51356 
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Table 111. THERMOCOllPLE LOC4TION FOR WDEL C (Concluded) 
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1 TEST RUN NUMBERS 
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TABLE V .  MATERW PROPERTIES OF THIN SKIN MODELS 
Mate ri  a 1 - -- - - - - - - $tee? 17-4 PH H 900 
Thermal Conducti$Pty, k = 9.8 Btu/hr/sq. f t . / f t . /F  (212 F) 
Specif ic  Heat, C = 0.11 Btu/lb/F (32-212 F) 
Specif ic  Ueight = 0.281 lb/cu. i n .  
* Skin Thickness, b = 0.030 i n .  
* Note: The ex;lct skin thickness a t  each thermocouple locatic.! 
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T ~ h u : a t , o n s  o f  p l o t t e d  data are g v a i  rable on request 
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